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between these two areas or be due to steric and charge distri-
bution factors, since Con-A combines to every moiety contain-
ing mannose and/or glucose molecules [16]. Alternatively, since 
we used a relatively high concentration of the Con-A conjugate 
(massive deposits were shown at the BMZ), a minute change 
there would not be detected. Photoinjuries of other membrane 
glycoconjugates are to be further elucidated. 
We thank Ms. Michiko Hatsuoka and Ms. Rie Matsuo for technical 
assistance and Dr. Sadao Imamura for critical review of the manuscript. 
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Although many thin-section ultrastructural studies 
have recently b een carried out on the effects of retinoids 
on psoriatic ·skin, few freeze-fracture studies have been 
performed. Since keratinocyte membrane disturbances 
may be involved in psoriasis and since retinoids bio-
chemically affect biologic membranes, we employed a 
freeze-fracture technique to study the effects of retinoid 
on the junctional and internal structures of membranes. 
Lesional and nonlesional skin was biopsied from 5 pa-
tients with p !joriasis vulgaris before and 3 of them after 
oral treatment with 50 mg of etretinate (Ro 10-9359) per 
day for 4 w eeks. 
The most r emarkable finding was the reduction in size 
of desmosomes-from 0.43 ± 0.07 J.tm to 0.23 ± 0.08 J.tm 
diameter in spinous cells and 0.35 ± 0.03 J.tm to 0.14 ± 
0.03 J.tm in horny cells i'n lesional skin. Similar results 
were obtained in nonlesional ski.p.. This reduction in 
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Abbreviations: 
IMP : in tramembranous particle 
desmosomal size .11ppears to be large enough to produce 
an extensive exfoliation. It was also of great interest that 
the intramembranous particle density on the P face (the 
fracture face of the protoplasmic half-layer) of the spi-
nous cell plasma membranes was 1140 ± 57 /J.tm2 in le-
sional and 429 ± 89/J.tm2 in nonlesional skin before treat-
ment, and 1184 ± 93/J.Lm2 and 1179 ± 147 /J.Lm2 after 
treatment, respectively, although the lesions were clini-
cally resolved. This may suggest that the agent does not 
revert the keratinocyte membrane from a psoriatic to a 
normal state despite clinical improvement. Many open-
ings of pinocytotic (or exocytotic) vesicles were pro-
duced on the plasma membranes of keratinocytes. This 
was associated with the appearance of fine granular 
substances (so-called mucous-like substances) in the in-
tercellular spaces. 
It is well known that systemic therapy with vitamin A and its 
derivatives, termed retinoids, including the aromatic retinoid 
etretinate, ethyl all-trans-9-(4-methoxy-2,3,6,-trimethyl-phe-
nyl)-3,7-dimethyl-2,4,6,8-nonatetraenoate, Ro 10-9359, is clini-
cally effective in the treatment of psoriasis and in other disor-
ders of keratinization. The dermatologic aspects of these com-
pounds have been reviewed by Fritsch [1], Peck [2], and Elias 
and Williams [3]. 
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As described in review articles [1,4], li ttle is known about the 
mechanisms of action of retinoids in epithelia l tissues, especially 
in psoriatic epidermis. Many possibili ties have been considered, 
such as inhibition of keratinization [5], loss of adhesiveness of 
keratinocytes, regulation in glycoproteins and glycolipids (6-8), 
and even modulation of cellular immunity [9]. 
The ultrastructmal alterations of human keratinocytes in-
duced by oral treatment with retinoids have not been thor-
oughly studied. For psoriatic skin, Orfanos and Runne [10] 
reported that the most prominent ultrastructural changes fol-
lowing retinoid administration are: (a) enhanced inflammation 
with some cell degeneration in the malpighian layer; (b) extra-
cellular accumulation of mucous-like material; (c) reappearance 
of keratohyaline granules; and (d) normalization of other path-
ologic changes, not only in the epidermis but also in the dermis, 
particularly the ultrastructural appearance of the capillaries of 
the dermal papillae. However, the effects of retinoids on mem-
branes were not addressed despite the suggestion that these 
compounds may diTectly and indirectly affect biologic mem-
branes [ll]. In addition, the membrane abnormalit ies, such as 
increase in intramembranous pa1ticle density and alterations in 
cellular junctions in psoriatic keratinocytes [12,13], have been 
suggested by freeze-fracture study. Therefore, it seems to be 
important to study how retinoids modulate the membrane 
structure in psoriatic keratinocytes for the better understanding 
of retinoid action. 
Freeze-fracture technique is su itable for the study of the 
membrane ultrastructural alterations by revealing the split 
membrane faces [14]. We employed this technique for the study 
of the membrane effects of the aromatic retinoid etretinate (Ro 
10-9359) on the psoriatic lesional and nonlesional epidermis. 
MATERIALS AND METHODS 
Materials 
In the present study, 5 patients with psoriasis vu lgaris (aged 22-72) 
were studied. Three of these patients were treated with the ora lly 
administrated aromatic retinoid, ethyl a ll-tra ns-9-(4- methyl-2,3,6-tri-
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methyl-phenyl)-3,7,-dimethyl-2,4,6,8-nonatetraenoate (etretinate, Ro 
10-9359), at the dose of 1 mg/ kg/ day. Skin biopsies were taken from 
typically scaly lesional and nonle ional skin before and about 4 weeks 
after ini t iation of therapy. As controls, normal skin specimens were 
obtained from 5 patients with nevocellular nevus by taking the normal 
skin from amund the resected lesions. Normal skin also was taken from 
a 43-year-old woman with malignant melanoma 3 weeks after institu-
tion of oral retinoid t herapy without any other therapies. In order to 
avoid bias in sampling and to check whether or not each specimen was 
adequate, each biopsy was cut into two parts, one was used to examine 
the histologic characteristics and the other was used for freeze-fracture 
study. 
Freeze-Fract.ure Electron Microscopy 
The skin biopsies were cut into small pieces immediately a fter 
surgery and fixed with 2.5% glutara ldehyde in 0.1 M phosphate buffer 
(pH 7.4) for 3-4 h. The fixed samples were rinsed with the buffer and 
soaked i.n increasing concentrations up to 30% of glycero l. The samples 
were frozen in liquid ni trogen. P latinum-carbon replicas were made in 
a freeze-fracture device (Hitachi HFZ-1) a nd observed with a JEM-
100U electron microscope. 
Quantitative Analysis 
Intra membranous particle density was measured by counting the 
particles within an area 0.2 x 0.2 J.LI11 on 5-10 regions each of 10-30 cells 
for each biopsy. The diameter of the desmosome was mea ured at the 
longest diameter. These measurements were made on total enlargement 
of 55,000x. 
RESULTS 
Alterations in General Structure of Fractured Keratinocyte 
of the Posttreatment Skin of Psoriatic Patients 
After 4 weeks of treatment with an aromatic retinoid (Ro 10-
9359), the lesional skin clinically had a slightly reddish, glossy 
appearance without t hick scales. Cross-fractures of keratino-
cytes in the posttreatment lesional skin revealed an increase in 
vesicular components, a considerable development of Golgi 
complex, and a decrease in tonofilaments (Fig 1b) as compared 
FIG 1. a, Cross-fractures of psoriat ic lesional keratinocytes before oral retinoid treatment. N, nucleus, T, tonofi laments, JC, intercellula r spaces, 
arrows, plasma membrane. Bar = 1 J.lm. b, Cross-fTactures of psoriatic lesional keratinocytes after oral retinoid treatment. Golgi complexes (G) 
and vesicles ( V) are rich in cytoplasm. Bundles of tonofilaments (T) are poor. Intercellular spaces (!C) are widened showing smooth fracture fa ce 
of the ice. Nuclear membranes (NM) are covered with nuclear pores (P). Cross-fractures of nucleus (N) are a lso seen. M , mitochondria. Bar= 
1 p.m. 
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to pretreatment lesional skin (Fig la). Nuclear membranes 
showed no differences in nuclear pore distribution or size be-
tween pre- and posttreatment skin. Cross-fractures of the cell 
boundaries, which were similar in appearance to observations 
obtained by thin-section electron microscopy, showed an irreg-
ular appearance with microvilli a nd cell processes and widened 
intercellular spaces. 
These structural findings were rather constantly observed in 
lesional and nonlesional posttreatment skin, although some 
differences in degree of alterations were seen from cell to cell. 
Fig 2 exhibits the most profoundly retinoid-affected cells, 
which were routinely observed, in lesional skin. These cells are 
filled with vesicular components including Golgi complexes in 
the cytoplasm. The nuclear membranes appeared to be wavy. 
Intercellular spaces were remarkably widened. Fine granular 
materials, which were rarely seen in pretreatment specimens in 
the present study, were found in the intercellular spaces (inset) . 
Microvilli and vesicles without intramembranous particles seem 
to be increased in the intercellular spaces, although quantitative 
analysis was not carried out. · 
Light microscopic observation disclosed reappearance of the 
granular cell layers, which were much thicker than those in 
normal epidermis (not shown). Freeze-fracture replicas of cross-
fractured granular cells rev.ealed that these granuhu cells were 
also ·rich in vesicles and poor in tonofilaments, both in lesional 
and nonlesional skin as shown in Fig 3. 
Alterations in Freeze-Fracture Ultrastructure of Plasma 
Membranes of Keratinocytes in the Posttreatment Skin of 
Psoriatic Patients 
One of the most remarkable changes was an appearance of 
pitlike structures on the fractured plasma membrane, which 
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FIG 2. Psoriatic lesional keratinocytes 
a ffected profoundly by oral retinoid 
treatment. Cytoplasm is filled with vesi-
cles (V) and Golgi complexes (G). Nu-
cleus (N) has waving nuclear mem-
branes. Intercellular spaces (!C) are 
widened and granular materials ( GL) are 
seen there. Ba.r = 1 p.m. Inset: Higher 
magnification of gra nular materia ls in 
the intercellular spaces. Ba.r = 0.1 p.m . 
represented the openings of pinocytotic (or exocytotic) vesicles 
on the plasma membrane surface. In the pretreatment skin, 
these pitlike structures were usually seen on the part of plasma 
membranes apposing the dermis in the basal cells, but not on 
other parts of the basal cell plasma m embranes or on the 
plasma membranes of the spinous and granular cells (Fig 4a). 
However, all keratinocytes in the lesional and nonlesional post-
treatment skin of psoriatic patients showed these pitlike struc-
tures on the fractured plasma membranes, as shown in Fig 4b) . 
Fig. 4b illustrates also a distinct decrease in the diameter of 
desmosomes as compared with Fig 4a which shows a replica of 
the pretreatment specimens. This decrease in desmosomal size 
was quantitatively determined and is represented in Table I. 
The decrease in desmosomal size was much more prominent in 
the horny cells as revealed in Fig 5 (Fig 5a for control and Fig 
5b for posttreated cells) and in Table I. The desmosomal 
diameter in posttreatment lesional spinous cells and horny cells 
showed the mean values of 0.23 ± 0.08 and 0.15 ± 0.05 ,urn, 
while in pretreatment specimens they were 0.43 ± 0.07 and 0.35 
± 0.03 f.tm , respectively. This means that the area of individual 
desmosomal macules decreased in area by approximately 75%. 
The frequency of desmosomes seemed also to be decreased to 
some extent, although the work was not carried out to demon-
strate the decrease quantitatively. Similar alterations were ob-
tained in nonlesional and normal skin after oral retinoid treat-
ment (Table I). It was also seen that the horny cells in lesional 
skin still retained intramembranous particles on the P face (the 
fracture face of the protoplasmic half-layer) of the plasma 
membrane after oral retinoid therapy (Fig 6). 
The effects of the retinoid were exerted also on the density 
of the intramembranous particles of the plasma membrane. 
These results are summarized in T able II. The intramembra-
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TABLE I. Effects of i·etinoid on. the desmosomal size" in human 
heralin.ocytes 
Pretreatment Posttreatme nt. (,um) (Inn) 
P oriatic 
Lesional 
Spinous cells 0.43 ± 0.07 0.23 ± 0.08 
Horny cells 0.35 ± 0.03 0.14 ± 0.03 
Nonlesional 
Spinous cells 0.41 ± 0.10 0.26 ± 0.12 
Horny cells 0.37 ± 0.07 0.20 ± 0.10 
Nonpsoria tic 
Spinous cells 0.38 ± 0.06 " 0.26 ± 0.06 " 
Horny cells 0.36 ± 0.06" 0.23 ± o.osc 
" The largest diameter of the desmosomal macule on the fractured 
membranes. 
1
' Nonpsoriatic pre treatment= normal h uman skin . 
·· Non psoriatic posttreatment = normal s kin in patient with malig-
nant melanoma. 
nous particle density of the P face of the spinous cell plasma 
membrane was 1140 ± 57/!Lm~ in lesional skin and 429 ± 89/ 
J.Lm2 in nonlesional skin before oral retinoid treatment. After 
treatment the particle density was not altered statistically, 
showing the value of 1184 ± 93/fLm ~ in lesional skin, while there 
was a significant increase up to 1179 ± 147/ J.Lmt in nonlesiona] 
skin . It was of some interest to note that the particle density of 
normal keratinocytes was 350 ± 80/fLmt and that of the post-
treatment normal skin in malignant melanoma was 490 ± 80/ 
!Lmt, which did not significantly differ from the control. 
FIG 3. Granular cells reappeared after oral retinoid treatment in 
psoriatic lesional skin. Bundles of tonofilaments (T) are fewer than in 
normal skin, instead many vesicles ( V) have appeared. G, gap junction; 
D, desmosomes. Bar= 1 ,um. 
Fra 4. P lasma membranes of psoriatic lesiona l keratinocytes before (a) and after (b) oral retinoid treatment. a, The P fa ce (P) is studded with 
in tramembranous particles at high density (1140 ± 57/ ,um"). T he size of desmosomes (D) was 0.43 ± 0.07 J.Lm in diamete r. E , t he E fa ce of the 
plasma membrane; T, bundles of tonofilaments; CP, cross-fractures of cell processes. Bar= 1 fi.m. b, T heE faces (E) are illustrated h ere. Many 
pitlike structw-es (P) of the openings of pinocytotic (or exocytotic) vesicles are seen in the plasma membranes. The s ize of desmosomes (D) is 
much smaller (0.23 ± 0.08 !Lm in diameter) than in the pretreatment psoriatic skin (Fig 4a). T, bundles of tonofilaments; CP, cross-fractures of the 
ce ll processes. Bar = 1 ,um. 
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F rc 6. The 1> and E faces of the plasma membranes of psoriatic 
lesional skin after oral retinoid treatment. The P face (P) has reta ined 
in tramembranous par ticles as seen in the pretreatment specimens. 
Odland bodies (OD) are also seen in the in tercellular spaces. The dark 
"belt" -like structure represents the cross-fracture of the cytoplasm of 
the horny cell , in which some vesicular structures are still seen, although 
most of the cell is filled wi th tonofilaments. E, theE face of the plasma 
membrane. Bar = 1 1m. 
Gap junctions were frequ ently noticed on the basal cell 
plasma membranes in nonlesional posttreatment skin, while 
they were not so frequently observed in the basal cell plasma 
me mbranes in pretreatment skin . On the other hand , no sig-
nif icant cha nges in s ize or frequency of gap junctions were 
found in upper spinous cells in lesiona l posttreatment skin. In 
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Frc 5. Desmosomes of the horny cells 
of psoriatic lesional skin before (a) and 
after (b) oral retinoid treatment. a, Des-
mosomes (D) are recognizable as particle 
aggregations and have a diameter of 0.35 
± 0.03 llm. This figure shows the P face 
of the plasma membrane. Bar = 1 /lm. b, 
Desmosomes (D) are much smaller than 
those of the pretreatment specimens, 
showing a diameter of 0.14 ± 0.03 /lm . 
Ridges (arrows ) connecting desmo-
somes ru·e sometimes seen on the E face 
of the plasma membranes. This print 
illustrates theE face of the plasma mem-
brane of the horny cells. Bar = 1 /lm. 
TABLE II. Effects of retinoid on the density " of intramembranous 
particles in. human heratinocytes 
Pretreatment Posttrea tment 
Psoriatic 
Lesional 1140 ± 57 1184 ± 93 
Nonlesional 429 ± 89 1179 ± 147 
Nonpsoriatic 350 ± 80 490 ± 80 
Ten to 30 cells were counted for each case and at least 100 cells were 
counted for each resul t. 
"Particles number/ 1-Lm' . 
" Nonpsoriatic pretreatment= normal human skin. 
,. Nonpsoriatic posttreatment = normal skin in patient with malig-
nant melanoma. 
this regard, it is important to note that in psoriatic pretreatment 
epidermis, especially in the upper spinous cells, the frequency 
of gap junctions was much higher than t hat of normal skin. 
No alterations were detected on the freeze-fracture structure 
of the basal cell membranes apposing t he dermis in lesional and 
nonlesional skin. The size and the pattern of the particle aggr e-
gation of half desmosomes remained unchanged as compared 
to pretreatment specimens (Fig 7). 
DISCUSSION 
A significant reduction of the desmosomal size after treat-
ment with etretinate was quantitatively shown in the present 
freeze-fracture study. The size was reduced to one-fourth as 
compared to that of pretreatment cells. This decrease in size 
seems to be enough to exert a marked exfoliation and keep the 
skin with only a very thin stratum corneum. This effect was 
also observed on normal and psoriatic nonlesional skin. The 
frequency of desmosomes seems to be decreased, although 
quantitative analysis was not carried out. In this connection, 
Elias et a! [15,16] have reported that topical retinoid produced 
a concurrent 35% decrease in desmosome density, and Williams 
and Elias [17] also have observed by thin-section electron 
microscopy that loss of desmosomes occurs as a direct result of 
shedding of these structures at the level of the stratum spi-
nosum, well known as one of t he histologic effects of retinoid 
[10,17-20]. These findings suggest that the retinoid action of 
losing the horny cell layers explains this agent's universal, 
beneficial effects for differ ent types of skin diseases with hyper-
keratinization. 
The present freeze-fTactw·e findings on the cross-fracture 
appearance are consistent with those described in previous 
thin-section studies [10,17,21-24]. Treatment with etretinate 
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FIG 7. Fracture faces of the plasma 
membranes of the basa l ce lls of psoriatic 
les ional s kin after ora l retino id treat-
ment. Gap junctions (G) ar e fTequently 
seen on the plasma membranes contact-
ing the next basal ce lls. Desmosomes (D) 
are smaller in s ize. The plasma mem-
branes apposing the dermis are covered 
with openings (Pi) of pinocytotic or ex-
ocytotic vesicles as seen on the control 
specimens before treatment. P, t he P 
face of the plasma membrane; E, the E 
face of the pia ma membrane; IC, in ter-
cellular spaces; CP, cross-fractures of the 
cytoplasm; BL, basement laminae. Bar 
= 1 fLm. Inset: Gap junctions. Bar= 0.1 
fLm. 
appeared to lead to a considerable development of the Golgi 
complex a nd a decrease in tonofilament? in human psoriatic 
skin keratinocytes. A granular component found in the inter-
cellular space in the spinous cell layer may correspond to the 
materials that a1·e thought to be mucous-like materials [10,21]. 
It seems likely that the appearance of openings of pinocytotic 
(or exocytotic) vesicles on the plasma membranes are pro-
foundly related to the fine granular materials secreted in the 
intercellular spaces, since the increase in the amount of amor-
phous materials was associated with the appearance of many 
pitlike structures of pinocytotic (or exocytotic) openings. How-
ever, regarding this aspect of oral isotretinoin (13-cis-retinoic 
acid) treatment, Williams a nd Elias [17] reported that they 
could find no evidence of eit her active secretion or endocytosis, 
and that since keratinocytes containing these deposits seemed 
to be fragile, the intercellular deposits possibly accumulated as 
a result of rupture and leakage of cells containing the amor-
phous material. Therefore, both secretion and ruptw·e should 
be considered. 
It is of great in terest to note that the retinoid did not reduce 
the high density of the intramembranous pa1ticle (IMP) in the 
plasma membrane of psoriatic keratinocytes, even in lesions 
that disappeared clinically. This may mean that since the high 
density of IMP in keratinocytes appears to be associated wi th 
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psoriatic lesions [12,13], the agent does not revert the keratin-
ocytes from psoriasis at the freeze-fracture level. Moreover, the 
retinoid seems to make IMP density increase in nonlesional 
keratinocytes, although no lesions are formed. 
It is wor thwhile to note that even after oral retinoid treatment 
the horny cells retained IMP on the P face of the plasma 
membrane as seen before the treatment. Since the IMP disap-
pear suddenly at the t ransition from granular cell to the first 
horny cell in normal skin [25-28], it suggests that the horny 
cells are still abnormal after the 4-week oral retinoid treatment. 
Despite many alterations in normal a nd psoriatic keratino-
cytes induced by retinoids [2-4,21], none of them seems to 
expla in the exact mechanism of retinoids in anti psoriatic action. 
It is, however, probable that the reduction of the horny cell 
adhesiveness, which is mainly due to the decrease in desmoso-
mal size shown here, releases the thick parakeratotic horny cell 
layers and this is associated with improvement in cl inical con-
di tions in psoriasis. The loss of horny cell layers may resul t in 
shedding of chemotactic factors [29,30] contained in horny cells. 
This may cut a vicious circle that may maintain the psoriatic 
condi tions. It is thus possible that the loss of stratum corneum 
may be one of the mechanisms of retinoid action fo r pustu lar 
psoriasis also. 
However, other effects of retinoids on keratinocytes, such as 
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metabolic cha nges in glycoproteins [6- 8], growth ra te cha nges 
[19], effects in cellular immunity [20], and so on can not be 
denied . 
We are greatly indebted to Dr. S . I. Katz, D ermatology Bra nch, 
Na tio nal Cancer Institute, Bethesda, Maryla nd, for va lua ble sugges-
tions a nd help in preparing the manuscript, a nd Prof. Nozawa, D epar t-
ment of Biochemistry, Gifu University School of Medicine, for provid-
ing t h e freeze-fracture device. 
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